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The Honorable John T. Conway
Chairman
Defense Nuclear Facilities Safety Board
Suite 700
625 Indiana Avenue, N.U.
Washington, O.C. 20004

DearMr. Chairman: .

Thank you for your comments on the Department’s Order and
standards related to natural phenomena hazards. We appreciate
the Board’s willingness to continue the dialogue with
Department staff in addressing this dynamic, difficult, and
sometimes contentious subject.

Although the Department .hasbeen working on enhancing the
natural phenomena hazards safety of its facilities for many
years, it is only over the past several years that the
Department has begun to impose a discipline”on the system to “
formalize its policy and requirements through a new policy and
standards process. This processhas identified major policies
and assumptions that had not been properly implemented and
reviewed by the Department. tiebelieve we have made
significant progress-in formalizing our natural phenomena
hazards program, indicated in part, by the visible linkage of
the content and intellectual underpinning of the Orders and
standards. The visibility enhances review of the program
providing the Department access.to diverse views on natural
phenomena hazards that will strengthen the overall program and
associated standards. Ifhilethe initial issuance of the
natural phenomena hazards standards is underway, we recognize’
that additional efforts are needed to enhance the overall
natural phenomena hazards program inc?uding a tighter linkage
to the safety bases of Department facilities.

The Department is conunittedto the utilization of national and
international standards in the design, construction, operation,
and decommissioning of its facilities and activities. I/hen
existing standards do not satisfy our requirements, we will
work with national standards developing bodies to address these
requirements and, if time does not permit, develop the
necessary standards within the guidelines of the Department’s
Technical Standards Program. For example, intiarch 1994, the
Department requested the American Society of Civil Engineers,
Cotmnitteeon Oynamic Analysis of Nuc?ear Structures to review
one of its natural phenomena hazards standards

.
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(DOE-S7D-10ZO-94).. The Society review will provide a check on ‘
the degree of consensus outside of the Department of Energy on
the standard’s methodology and also to determine whether a new -
national standard is needed. Me believe that coordinating
departmental standards with nationally recognized independent
bodies will help ensure high quality natural phenomena hazards
standards. We expect the American Society ofCivi? Engineers
Comnittee review wi?l be completed by the end of this year, but
as you know, timely actions by the consensus organizations
cannot be taken for granted.

In the interim, the Department has been developing natural
phenomena hazards standards to cover the broad range of

, d.epartmentalfacilities. Development of these draft standards
has included consideration of the Uniform Building Code
experience and the Nuclear Regulatory Commission’s regulations
and guidance. In addition, the Department’s team developing
the standards has been following the activities of the Nuclear
Regulatory Conwnission,the U.S. Geological .Survey,the National
Institute of Standards and Technology, the Electric Power
Research Institute, the Federal.Emergency Management Agency,
and the National Earthquake Hazard Reduction Program to
incorporate the latest thinking into these standards. lieare
conunittedto continuously improving our Orders and standards.
This conwnitmentmeans that we will make major changes to our
standards when such .changesare necessary. In this regard, our
response to the Board’s concerns is intended to go beyond the
specific concerns identified. Ue have”initiated a review of
the natural phenomena hazards Order and its associated
standards to ensurean integrated resolution of the Ooard’s
comnents, as well as ensuring a complete, coherent, and fully
integrated set of natural phenomena hazards Orders and
standards that are consistent with other Department Orders and
standards, e.g., the safety analysis report” upgrade, the
standards associated with the safety analysis report Order, and
nationaJ standards.

A three-phased program has been developed in response to the
comnents in the letter and in its Attachment A.

Phase 1: . ~~ti f Inte i
Issu;ninterim natural ph~nomena hazards
standards that have been developed by a team
of representatives from affected
organizations and coo~dinated in accord with
the Department’s Technical Standards Program.
A number of the Ooard’s concerns will be
addressed in thes,einterim standards,e.g.,
enhanced emphasis on using deterministic
analysis.

,
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Phase 2: ~~g
rouram Review

Conduct a systematic integrated review of the .
nattira?phenomena hazards program life cycle
reqi’irementsand standards and revise as
appropriate. Review will be supported by a
team with amix of seismic, risk, and safety
experts from Brookhaven National Laboratory,
Lawrence Livermore National Laboratory,
Science Applications International
Corporation, St~ie and Webster Engin&r~ng
Corporation, TENERA, and Future Resources
Associates (for linkage to the National
Academy of Sciences), and appropriate
management and operating personnel. ,,

Phase 3: conversion and Am~ication of Nationa]
onsensus Standards

A.continuous process to convert Department of
Energy developed natural phenomena hazards
standards into national consensus standards .
and incorporation into the”natural phenomena
hazards programof appropriate new national
standards...

A schedule for Implementation of the three phases is enclosed.
The notes in the enclosure provide added details of the plan to
the Board’s specific conwnentsas well as the general comnents.
As noted in the enclosure, the first two phases will be
completed within a year. During this time, the Department will
keep the Board fully informed regarding implementation of this
activity so that it can review and evaluate the content and
implementationof these standards in accord with its
responsibility. l)r.Neal Goldenberg, Oirector oftte Office of
Nuclear Safety Policy and Standards, will be responsible for
ensuring that information is exchanged with the Board and that
the Board’s concerns are addressed. . .

He appreciateyour independent perspective on the natural
phenomena hazards program. Future or continuing activity
relative to this standard should be coordinated with the
Department through the Office of the Department Representative
to the Defense Nuclear Facilities Safety Board. Integration of
the Board’s ideas and comments with the review will result fn a
world-class natural phenomena’hazards program for the
Department.

Sincerely,

~u ~- ‘

Charles B. Curtis

Enclosure .
1
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Enclosure Notes: ,, ~

1)

2)

3)

4)

Recent revisions are ‘responsive to the Board’s consnent, but wtl 1 be “
reviewed for completeness in f%ase Z. The revisions include: ~E-S~-
1020-94 has been reviskd to both sfmpilfy the standard and to clarffy
its features; NPH trainfug courses have been developed to make Order
implementation and compliance more uni fore; and provisions have been
aade to obtain feedback from the field to address any future oeeded
Improvements in this regard.

00E-STD-1020-94 is intended to apply to both new and existing
facilities. For example, --top level criteria- -and gdidance are” provided -
in 1020 for application to existing facil ft~es, but these are appl id on
a case-by-case.basis (e.g., ● reduction in loads is permitted for
existing facilities). Nevertheless, steps have been taken to strengthen
the basis for its consistent ●ppl icatfon to ●ll facilities. DOE has
fnitiated trafnlng on how to apply the standard, along with development ~
of experience-baseddata for evaluation and upgrading of existing
facil itles. In additfon, WE Is developing risk prioritization tools to

“ aid in making decisions on potential facility improvements relative to
NPH requirements. The adequacy of these provf sions wil~ @ assessed in
Phase 2. 4. .

The interrelationships among varfous classification sche& with the
graded approach wfll be thoroughly reviewed ●nd better integration
achieved. The NPH team till 1 ink the requirements of S430,23 with the
guidance under development fn draft STDS3005 ‘and 3009 as they are
final ized. Once these standards are completed, we wf 11 determfne what
modifications are needed to 00E-STD-1021-93 to assure that ffPH
@itlgation guidance is consistent wfth general 00E 6uidance..,

The revised lWE-STD-1020-94 and OOE-STD-1O21-93 provide the general
framework for applylng the graded approach to mechanical and electrical
systems and components. Ongofng DOE efforts to ●dapt the coaanercial
industry Sef smfc @al Iffcat ions Users Group SQUB) methodology are
expected to rovfde detailed

! T
ifdance for ●d ittonal methods for -

evaluating t e sefsaic capabi fty ofmechanfcal and electrical systems.
The NPH team will study this concern and wil 1 make recomendat ions In
this regard in Phase 2. . .

OUE is modifying its process for better balance by fncludfng a
deterministic criteria. To ensure destgn loads that are appropriately
conservattve$ ‘detemfnistic criterfa for defining design earthquake
response spectra will be-integrated with the existing probabilistic
criteria. Thespectffc approach ts to be included in a revisfon to DOE-
STD-1023. Ourlng early stages of revfew a detemhation will be made
whether separate efforts are needed regarding the quantification of
ground motion. This revision wtll be discussed with the ONFSB at the
draft stage of development. . .

.



. .

6)

7)

.

.

.

. .. . . . .. . . .. . .

.

“2 ‘

Ue have formed a special team to conduct ● review of the natural ‘
phenomena hazards Order and Its associated standards to ensure ●n
integrated resolution of the Board’s comnents, as wII as ensuring a -
complete, coherent, and fully integrated set of natural phenomena
hazards Orders and standards that are consistent with other Department .
Orders ●nd standards, e.g., the safety ●nal ysis report upgrade, the
standards associated with the safety analysfs repor% Order, and nat~onal ~
standards. ~

In March 19~4, the Department request~ the ~riean Society of Civil ‘
Engineers (ASCE), Coami ttee on Dynamic Analysls of Nuclear Structures to
review one of its natural phenomena hazads standads (DOE-STD-1O2O-94).
The ASCE review wil 1 provide- ● check on the d~ree of can$ensus out$ide
of the Department
detemine whether

.,,

of tnerw on the standa~’s ~thodo~~ and also to
a new niitional standa~ IS needed.
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John T Conway.Chairman

A& Etgenbewer, Vi Chairman

JobmW. Crawford. Jr.

Jeph J. DiNtntno

Herbert John Cdl Kout8

The HonorableCharIesB.
Under Sec@ary
-at of Energy
Washington,DC 20585

DEFENSE NiJCLEAR FACILITIES
SAFETY BOARD

62SIndiana Avenhe. NW,Suite 700, Washington, D.C. 20004
,(mq 2w6400

.,. .-
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Apxii29, 1994

Curtis

.,

Dear Mr. Curtis

Reco@ing the safety signifkance of the developmentand use of standardsin the design,
construcdon,operationand decommi@oning of defense nuokarMb, Congressexpkitly
set forthin Sec. 312(a)(l) of the legislation establishingthe Defense NuclearFacilities Safety
Board(Board)that 7he Boardshall review and evaluatethe contentand implementationof
the standardsrelatingto the design, construction,operation,and decommkskgdngof defa
SNlCk4U ~ties of the _ent OfEnergy DOE-including * a@kXIbk DepartmentOf
Energy orders, regulations, and requirements-at each Departmentof Energydefknsenuclear
facility.-

k keepingwith the povisions of d. 312(a](l), the M has fallowed the developmat
.

and use of severalorders and standardsrelated to i%cilitydesign and naturalandman-made
phenomenahazards. Our comments in this letter pertainspecifically to DOE Order5480.28
- “NaturalPhenomenaHazardsMiti@”on,” as weJIas to DOE S@duds 1020-92(’Draft)-
“NaturalPhenomenaIhzhrds Design and EvaluationCriteriafm Departmen?of Jkxgy
Facilities,” l@l-93 - “NaturaIPhenomenaHazardsPerformanceCategorizationGuidelines
for Structures,Systems and Components,- 1022-92 (IX@ - ‘NatuzalPhenomenaHazards
Site Cham@ma“ don ~a,g 1023-92 (Draft) - “NaturaIphCl10mClli3 ~ ASSCSSmt

Criteria,” 1024-92- “Guidelinesfbr Use of Froba@stic Seismic HazardCwes at DOE .
Sites,” and 1027-92- “Hazard Categorizationand AccidentAnalysisTechniquesfor
~mpliance with DOE Order5480.23 Nuckir Sakty AnalysisReports.- lhe orderand
standardsare closely linked in oontentand inteIIectuaIunderpinning,and form a system
redatedto considerationsof natural and man-madehazards. The following comnxmtsby the
Boardare amenableto the systems engineeringapproachwhexe&i5nition of requirements,
integration,andanalysisarc performedearly in the designprocess, while specM@ions or
StiUl&.dS are in draftform.

.
.
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The HonorableCharks B. Curtis Page 2

We believe that the refmced orderand standardshave certaingenericdeficiencies, as
follows: . c.

a.

b.

I

c.

d.

e.

. f.

The standardsoverernphasti new and largely probabilisticconceptsand do not
adequatelyuse long acbepteddeterministicprinciples. A betterMance should be
achieved.

Definitive proceduresto establishSakty Classes and PerformanceCategorieshave
not been developed, nor has the relationshipamongHazardCategory,Sakty Class,
and PerformanceCategorykm ckrly defined.

‘I’hestandardsare overly compkx, lack clarityor eompktemss, andin many cases
are not easily understoodeven by experts in * s@j@X. .

The proposedDOE gradingof safety classificationand performancegoals and values
have not been acceptedby the engineeringprof-on on a consensusbasis.

Standards,guidance,andproceduresfor the design or assessmentof ekctrical and
mechanicalsystems thatare consistent with the cksiiieation methodologyto be used
have not been developed.

No distinctionis madebetweemnew and existing hcilitk, nor is thereguidanceon
how the applicationof the requirementsof the orderand standardswill difkr for
new or existing facilities.

Furtherelaborationon the above is containedin Attachmat A. 9

‘I’heBoardbelieves thatcomprehensive reevaluation and strcmhm“ “ goftheref-eed oriier
andstandds arenecesary torcsolve these issues. Anychanges totheorder andstandmk

“ shouldreflect 1) the use of widely-accepteda@eering concepts for gradingsafety
systems, 2) the developmentof technicalapproachesto and the integrationof order and
standardsthatcan be moreeasily understoodand implemented,and 3) the issuance of
guidancefor mechanicalandelectrical systems thatis equivaknt to thatbeing provided for
structures.

Pursuantto 42 U.S.C. ~ 2286B(d), the Boardreque$s thatDOE providea report, within 60
days of receipt this letter, thatdetails how these oommentsand those in AttachmentA will k
addressed,and providesa sehech,defor doing so.

.
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The HonorableCharlesB. Curtis Page 3
.

The orderand stmdardshave been the subje@of substantial dialogueamong DOE staff,
Boardstaff, and numeroussubjectmatterexperts. The Boardis preparedto continuesuch
interchangeof views if it will assist DOE in fbrtherdevdopment and integrationof the order
and standards. In any case, the Boardwill continueto Mlow this developmenteffort with
intense interest. If you need any furtherinformation,please let me know.

.

2229 .

Jo T. ‘Y.

Enclosure(AttachmentA)

cc: The HonorableVictor H. Reis, DP-1
The HonorableTaraO’Toole, EH-1
The HonorableThomasP. Grumbly,EM-1
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DNFSB Comments 011 DOE
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and
Natural Phenomena Hazards Standards
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1. DOE Standards

& DOE NaturalPhenomenaHazards(NPH) Standardsgenerally embody a probabilistic
strategyto prwvidea gradedapproachto safety and thus to safety system classification.
While there is nothinginherdy inappropriatein this_ the approach,as
currentlyimplemented,suffers from two fimdamentaldeficiencies:

(1) * g~ng #sq@y chw~on for Stru-, Systems and ComponenS(SSC)
is tied to qpe@k perfbrmanoegoals, where performance goals are defined in terms
of the annualikequencyof ihilure. Since the risk assessment communityhas not
yet reachedagreementon specific standards(pref’ly based on experience),
which wodd providea basis for adoptingspedic numericaIvalues of these hike
rates, the numerical grading of performance goals maybe premature and require
vali&tion.

0 me probabiic approach has been more propcsiy used to evaIuate relativerisksor
relativemeasures of the occurrence of padcular hazards, and only occasionally,

when sufEcienthistoricalevidence exists, to detmnine an absolutevalue of risk
In the case of NPH events, thereare insufficient historical data upon which to base

an absolutevalue of risk as inherently used in these stadmls. ‘Iherefore, we
beJievethat thepfobabilistic bases of these orders muStbe~. l%ey
appearto reprcseata fundamentalweaknessin the undqinning of the safkty

- system classificationf= NPH specifically,.and _ design relatedordersin
general. An appropriateapproachor policy ~needstobe definedonthe
use of the probabii methodsthroughoutD(3I% 9

b. DOE’s current_ to chamcWizationof seismic ground motionbaskally uses a
probabilisticapp~ andignores the determus““tic approachthathasbeem the
mainstayof the structd engineeringprofessionup to the presenttime. While thereis

.
incmsing use of probabilisticmethodsin the engineaing pmf-on, existing seismic

‘.Y&ta for low probability,large magnitudeevents are generally inadequateto provide
even a statisdcalvalidationof the proposedprobabii proceduresfor DOE sites in
generaland for sites in the easternUnitedStatesin particular. Thus, it is not prudent
to rely solely on probabilisticprinciples. This issue is underconsiderationby Defense
Programs. It is requestedthatany resolutionof this issue be an integratd DOE effort
with results madeapplicableto all DOE defense wclear Mlities.

.
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c. Implicit in the developmentof die conceptof the gradedapproachto safety is the
assumptionthatsome facilities pose moreaf a risk to the public and fkcility workers
thandoothers, andthatthe consequencescan becham@dd as diffkzedial risk.
However, DOE does not have an approvedstandardor guide which deals with the i
issue of quan~g risk Some DOE toners have used, as an acceptancestandard,
the assumedfission productrelease noted in 10 CFR Part l(X).ll(a) resultingin a
ref-ce dose of 25 rem at the site boundary; However, such use of
10 CFR Part 100.ll(a) goes beyondthe intent of its pmvisiow The value in question
is intended~ be used in establishingsite exclusion boundariesfm a fiacilityor facilities
incorpmting sped% safbtysystemson the assumptionthatthese systems would
functionproperlywhen called on. ‘f?iedcvclopmeat of a standd or g- applicable
@ti DOE H*ti~~tiemq~ &*veti~titi
naturalhazardphcno~ and/orthe mssessmcsit of a policy fbr the protectionof the
public healthand safety arc consideredessential by the Board. Further, this review
should be based onco@demh“onof the contributionof all tkcditiesat a site to the
overdihazardsinceanaturaleventsuch asanea.rthquakewilllilcelyaffectallfiwilities
withina site.

/

2. SafetySystem Classiikation

a. Sa.fkqsystem Uassification,as defined in DOE Order 6430.lA, is in termsof ~

.

. ..*.....! . .

levels. Chssification isassigned to safdy qwtans with spcificfhnctions to protectthe

operator,public, andlorthe cnvironmemLHowever, we have not f~nd any evidence
titiesy~of@g tid~*&or* *hp_ti*my~Etik
Most sites seem to be concentratingon developing a definitionof a sin#e saktyclass

thatincludes-onlythose systems whose fhilureoouIdcause the radiological dose at the
site boundaryto exceed specMedlimits.

Untitie~t~E _noti*~*m~gof_~*k
~ unless a pddemind site bllldll’y dose would be exceeded following an
accidentor.as a consequenceof a severe naturalPhenomenon ‘Ilds concept is statedto
be based on IOCFRti100. While 10CFR&rt 100docsaddrcss asiGboundary
dose for site seIection, it alsxjassumesthat sakty ~stems and strwtum that lqmxmt
a ‘defwse-in-depth appmacb”arc pxudeatlya@neered into a kiIity tim the outset,
and not conditionallyuponrcaultsof dose catcdations dexivedfrom probabilistic
methods. Defense in depthis still requiredto extend the level of safety beyond that
indicatedby anaIysism providea robustdesign that will behavetidy fa
unanticipatedevents.

.
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In theBoard’sopinion,theconcept of tidy systemdss@ation needs to follow
logiczdthoughtp~ which have evolved tim comrnamal“ nuclearpractice.
Iocml%rtl oowasusedonlyto “eshmatethe suitabilityof a site for a nuclearplant
havinga qiecified containmentand spedied, mf’ ikatum ud to control pressure
and temperatureof the atmospherein the containmentfollowing a hypothetical,non-
mechanisticaccident. In a sense then, it also &te@ned the suitabilityof the
containmentand the pertinentsafktyfeaturesto be located at the site. OnCCthe
questionof the suitabilityof this containmentsystem ms settled, 10 CFR Part 100
refmce dose limits were not used firther or to decide whethercmgineeredsafeguards
shouldor shouldnot be used.

The need for and suitabilityof safety f=tures andengineeredsafII were then
determinedacceding to an assessmcatk@C suchas:

1) Is theredef~ in depth? /,
2) Would fhilureof the& safeguardslead to unam@abIe consequences?
3) Are thereadequatemeasuresto renderfkiluresuitablyunlikeIy?

Acceptancedose Iimits are defined in EPA protetaivedon guides, in recommended
limits establishedby the MexnationaICommissionon Radiatb Protectionand the -
NationalCommissionon RadiationProtection,or are derived from ALAM
considaations. 'fkyam~re fimmcdoseIi mitsatthelevclof tiosediscussed in
10 cm Part 100. 9

,

The limitationsin the commercial industry’sTechnicaISpec&ations for nuclearplants
are never derived using 10 CFR Part UK)considerations. They are basedon
determhMc analysis. Some are simply the re# of cmuring adquacy of conductof
operations.

hitiofh~~ti ~ktieq~t kckof~ofti mn~tofdti~ti
depth, used in the commercialnuckar industry,as it appks to safdy clasdication of
SSC. Specifically, it has been difficult to identi~ the applicationof safkty
classificationto SSC’Swhich prevent or mitigatethe consequencesof a postulated
acciden~ “Wehave not seemexpficit evidence thatthis concept is definitdy considered
at DOE sites, yet clearly itshould be.

.

.
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It is not clear underwhat circuaces the currentclassificationswill be appIied,or if
the applicationwill be limited to new facilities or those undergoingmajorsitkty
modifications. ‘IIwxefore,we can envision thepossibility of high hazardfkilitics
where no safety Ossification of SSC has been impkmentedand the ability of SSC to
mitigatepotmtid accidentconditionshas not* eva!uated. ‘l%eBoardis intmsted
in &@mining when.impl_tiOn OfsafktyChSSifiC4itiOflOf~ t%@tiesaccordiig ti
currentDOE standardswill begin and how the applicationwill proceed.

3. “Performancecategorization .

4.

PerformanceCategorizationis currentlyrelatedto specific design requirementsfor NPH,
such as earthquake,extremewind, and flood. PerformanceCategorizationis not
consideredfor other design basis accidentsandothti externalhazards,such as airplane
crash, fi, and accidentalexpIosion. PerformanceCategorizationfor externalewmts
must be considered. Othershortcomingsare 1) Paformance Categorizationfw Design
Basis Accidents does not include considerationof singIefhilurecriteriaor activeand
passive fhihre criteI@ 2) a clearrelationshipbetweenW&y CIassand Performance
xory has not been dcvebped, and 3) a clear relationshipbetweenfkcility hazard
categoriesand Safety Classes and %fo~’ce Categoriesof SSC has not been devehped.

Graded Approach - - .

~e@d~~mti~ of_mfm”~Hktik~ES_ 1020-92.
~w~~, no~titititi DOEti~lyti__@WH~of
electrical and mechanicalsystems and componenw Guidanceis urgentlyneeded to ded
with this issue, since withoutsuch definition, assurancethatgradedMety%ystemsand
componentswill achieve theirdesign objectivecannotbe assured.

.

I
- S. Standard 1020-92, ‘IWaturalPhenomenaHaza@sDesign and EvaluationCriteriafor

Departmentof Energy Facilities’.

Several fhndanmmdconcernsexist xegardingthis standad. Wii the process proposal to k
tieve specified pdormancc goals is complex andlacking in dari~ for ease of *
@kat.km;theprocessnec&tobesimpIified. Second, itisdiffio@ todetedneifthe
*j@veoftie ~, LQtti_g of H~_@titi_, *k
*be achieved becauseof thenumerouscompensatoryfactorsthatare employed to
grade the acceptancelimit previsions of the standard. ~ird, it is not certainthatall sites

.
.
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and contractorswill be able to understandand therebycorrectlyapply this @m*. The
standardaddressesstructuresbut does not provide equivalent guidancefor the design or
assessment of mechanical and electrical systems and components.

The standardis notwrittentoaIlowtheusertoreadily understandthe conscwatism and
margin thatwill mwlt with its use. Hence, blind applicationwithouta compl* “
understandingof this standard’sunderpinningcould lead to inappropriateand
unconservativedesign bases. The standardneeds to be revised to addressthe issues
discussed above. +

New versus ExistingFacilities

The design of new facilities and the assessmentof the adequacyof existing f%ciMesare
fimdamentailydifferentproceses. In the design of new stmtuml systems, for example,
it is customaryto estimate the variouscombtions of maximumdesign loadiigs and to
choose resisting systems based on standardor minimumqecified materiakkment
pro@=,emplofig ==pM saf~&gins. In the assessmat of the adequacyof
existimr structures.it is customaryto attemptto establishreaIiic Ioadiigs to which the
Structu-dsystem =y be subjec~ and th~ to examine the available bad and resistance
on the basis of actual, potentiallydegraded,propertiesof the matmialsas best as they can
be determined. The assessment of the marginof safety and a conclusion as to adequacy
of the structureare then determined. However, DOE’s currentstandardsdo not
differentiatebetween the two processes; althoughsuch differentiationis clearly
appropriate. ,,
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